Introduction
A worker studying cell structure is often faced with a choice among different methods for estimating morphometnic data such as the number of a certain particle in the cell volume. The methods for solving these problems are equipment dependent, and the cost of equipment may be from less than $100 to $10,000 on more. lo minimize expense, it would be useful to be able to identify the method that will give a reasonable precision most efficiently.
We have developed a method to evaluate common procedures in quantitative microscopy, with the emphasis on estimating the number density of cellular organdies having an ellipsoid shape.
Two procedures are most often used to collect morphometnic data: point counting and planimetry, which uses a graphic tablet interfaced to a microcomputer (2, 21) . In point counting a grid (usually of regularly dispersed points (1) ) is laid over a two-dimensional feature. The number of points inside the boundary of the feature is a measure of its area (1-4).
In pianimetry, the boundaries of the feature are digitized, and this infonmation is translated by the microcomputer into area (6, 21) . Each of these methods is subject to errors (2, (9) (10) (11) 21) , both systematic and random (19, 22 Quantitative microscopy.
independent parameters may be found in the literature (2, 5, 8, 9, 21 
Particle Size and Shape
The shape of many cell particles may be approximated by ellipsoids.
Weibel and Gomez (18) introduced a simple correlation between the mean profile area (5) of a random sectioned ellipsoid and its true volume
The dimensionless shape coefficient 3 is defined by the following formula:
=
(2) From the above equation the relation between mean caliper diameter (D ) and mean profile area may be derived
The 3 coefficient was calculated by Weibel and Gomez (18, 21) .
In Table 1 we present the range of fluctuations of the axial ratios for various ellipsoids.
The error of the exact shape coefficients evidently depends on the axial ratio. However, for the range of most particles the axial ratio is 1-2.5, so it is not necessary to know which ellipsoid-prolate or oblate-is approximated by the particles.
To estimate the axial ratio, it is only needssary to search for the particle having the elliptic profile with the largest axial ratio (7) . If the axial ratio is less than 2, 3 may be extrapolated using 
Data was calculated as explained by Weibel and Gomez (17), and is presented as mean a range (percent deviation of the range from its mean).
profile will have an axial ratio of 1-1.2, in contrast to about 30% of the sections of a prolate particle (7). 
Propagation of Errors
The result of combining Equations 1 and 7 is
Weibel and Gomez (17) have combined Equations 6-8 to get Nv = (Na /Vv)"2/l3 (9)
In should be the best choice. However, in many cases the percent fluctuations for the parameters differ because of different sample size (e.g. number of profiles), different density and size of the particles, or the methods for collecting the data. We shall, therefore, present an artificial example for which the sample is 30 random prints.
Each print has at least 35 particle profiles. This is the sample size most people use for estimating granule density in cells or number ofcells in tissue (14, 17, 21) .
The tracing grid has a point density of about one point pen particle profile. This kind of grid was found to be the most suitable for fast determination of volume fraciion (21) . It will produce a volume fraction relative error of about 4% by point counting or 6% by planimetry in Vv (9). Since both the points and the ,g anules are particulate, they are subject to relative error equal to The results of propagation of errors under the above assumptions are summarized in Table 3 . From the data presented in Table 3 it seems that the best choice is to use a planimeten to collect data for the various parameters of Formula 6. Rr the price of little more uncertainty one may save thousands of dollars and days of work-it takes 3 days to digitize 30 prints (with the above assumptions). but less than a day to get the same result using point counting. [3] [4] [5] 9, 10, 21) .
A variety of methods arc available for estimating particle number density (2,21). We chose the three methods found by many to be the most useful. Two of them, those suggested by Wicksell (20) and by Loud (13), were modified by us, so that all parameters may be estimated, using either point counting or planimetnic methods.
The modification corrects
Nv for the systematic error due to shape, using the shape coefficient factor suggested in the third method (Weibel and Gomez (18) 
